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the CRT, This report exsmines the general
aupecta of twoe new methods for improving the charasterisiies and

regliiability of a high-resolution CRT.

1. A CRT with "high-voltaze compression" of the cathode

ray in the space hetween the main focussing lens and

the screen.

Before considering the special features of the new CRT, a
brief summary is reguired of the shortcomings and problems encountersd

with conventional high-resolution CRT units.

The lefi~hand part of Pig. I includes a diagram of a CRT
'unit with the set of magnet control elements which are normally
used in conventional sutomatic units incorporating a CRT. The
names of the slements are given in the key to Fig. 1. The set of
subsidiary elements (alignment coil and centring coils) has been
cnitted. Any type of electron gun is used. For tetrode guns, '"C!

marks the pesition of the second crossover.

The diameter of the light spot in the centre of the CRT
coreen is determined by the diameter of the electron gun'’s cross-
ey, by the magnification and sberrations of the main focussing
iang, snd also by the properties and structure of the screen's
fiworescent coating. The useful Juminous flux from the screen is
diBuhiy pAUDYL bellibd sl UilE UGAR CUrIEeav and tue energy with wiich
vzt tjegtrons excitve the phosphor coating provided there i1s no

o buration effect.

Az the 1ight spot is deflected across the tube's useful

a4t inersases in size, its shape is distorted and the amount



Lion 18 soon no longer directly propontd
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cf the dsfiecting magnetic field. As shown 1in

. . . ; : £ 5 A
zecond~order aberrations, bthird-corder aberraitions a2z and Dy
contain the sum of the terms forming the product

i

E!Ai ° 1) uigma ' (1)
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where A, are the sberration facitors determined by the properties of

o

the defleciion yoke and its position on the CRT (the other symbols

in %he Foymula are shown in Fige 1)

Por astigmatism and field curvature n = 1, m = 2, for

coma n =2, m =1 and for pin-cushion distorticn n = 0, m = 3.

It follows from expression (l) that it is essential to try

to minimize the angle of deflection @, and the angle of convergence
& in order to reduce deflection aberrations. However, in a
conventional high-~resolution CRT, all these values are already
opiimized and, in order to compensate the above aberrations, a
complicated system of dynamic corrections to field curvature
{focussing) eand astigmatism is used which requires special electronic
cireuits/E/a Deflection distortion is lessened by means of an
octupole lens. There is a strong interaction between the many
magnetic conirol elements with metal cores and bodieg which are

arranged slong the opiical axis of the CRT bulb.

This gives rise to many difficulties from dynamic effects at

orecision levels (effect of eddy currents, hysteresis phsnomena etc.).

In certain special types of auvtomatic CRT measuring equipment,
/
for instance in the analog analyzer of bubble chamber pictures’4/,

AYnami ¢ CurLfeCiaUnd F01 deiigliitn augirallilié &id géuvsdei)y Sealiuss

t0 make and hamper the reliable operation oif the device.

We were asgigned and solved the task of reducing the effect
of deflection aberrations by re-designing a conventional CHT system

and reducing the angles of defle ction and convergence without
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srhunging mwoa eize of the spoet, the usedful field on tre soreon
% & $

e ugeful luminous flux.

& sohematic layosut of the new high-rescluticn UHT is sbhown
in the rignt-nand payt of Fig. L. The main foeussing lens Lul

ts an image of the crossover C on to the screen as in &
conventional tube., However, in the space between this lens and the
screen, the normal drift region at crossover potential has been
replaced by a longitudinal accelerating field Witk = specifie law for

vhe digtribution of the gradient value along the opiical axis,

The deflection length Ll was thus increased considerabiy
{viz. Pig. 1bt) and the angle of convergence O reduced, but, due
to the "high~voltage compression" e¢f the electron beam, the
diameter of the light spot was kept constant in the centre of the
gereen and varied only very slightly during deflection throughout ths
useful field. This compression was derived from the Helmholtz eguatiry

for the relativistic case

.
a8

X 0, 0 (2) / po(Z) =xw ®{z)/p(2),

where x, is ©v.e electron beam's cross-section at crossover, W, is
the electron beam's angle of divergence at the crossover, x is the
benm's cross-section in the screen's plane, W is the electroas?
angle ¢f convergence at the screen, Cb_, and @ are the acceleratin:
potentials and po and p the momenta of the electrons at crosscver
and at the screen respectively as a function & the longitudinal
¢oordinate (p = mv, m is the mass and v the velocity of the

slectron),
For conventional itubes, where the electron energy in the
Suaelil wBwWWESt the crugsover and the screen does notl VvVary, eXpressllio

i) nas a simplitied form (same notation)

X w =X w =const ()
¢ 0



and 1t may be conveniently represenied in ths

B

ellipse "a' in ¥Fig, 2). Depending or the geomeivy of i opvical
system, i.e. on the posifion of the main focussing lens, it is
possible toc uge either x or ¢ buf the ares of the slliigas must

remain the same.

In the case of the new tube, where the energy and momantum
of the electrons steadily inerease as they meove towards the screen,
the arez of the ellipse shrinks and has a finite value at the
screen {(viz. hatched ellipse in Pig. 2). The concept of "high-
voltage compression' may also be applied to the shrinking of this

ared.

The geometry of the optical system for the new tube was
selected so that the electrons! angle of convergsnce could be
reduced as much as possible without changing the crogs~section of
the beam on the screen (viz. ellipse nd" in Pig. 2). Although the
length bl)ralg the magnification remains approximately the same as
for a conventional tube and now depends not only on the geometry
of the system but also on the gradient of the longitudinal

accelerating field.

-

By increasing the energy of the electrons at the screen, the
beam current was reduced due to the greater diaphragming of the
beam in the gun., This led to a further reduction in the angle of
convergence (viz. Pig, 1d) and did not affect the useful luminous

flux from the screen,

It showld also be pointed out that the crossw—section of the
electron beam in the plane of the main focussing lens was
substentially reduced: d,*¢ d,.{ d (viz. Figs. ic and 1d). Tais
led to a considerable reducticn in the contributicn of spherical
aberration from this lens, which 1is, of course, proportional to the

cube of the beam's cross-—section.

- By inereasing the length between the focusmsing

lens and the screen, the angle of deflection was reduced whilst
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sonvergence and deflecition are consid erably reduced whilsy

hens
angles, 11 may be stated that it is no longer necesssry Lo make
dyhamic correciions to these sberrstions when opgrating ab the
1imit of +the fixed useful field. If the useful fileld has

be incrsased then the necesgsary corrections csn be made by means o

extremely simple methods and equipment.

£ full analysis of the processes in the new tube will be
ziven in a asepsrate report. It should be pcinted out that

allowance must be made for the relativistic effect when construc:.

the %tube, as the mass of the elecirons increases by 5 -~ 6%,

nust be taken into consideration for precision tubes.

To end this section, we shall give a few data obtained From
test samples of the new Tube with sereen diameters of 1%0 and 1&0 um

and & wmaximum length for both tubes of 650 mm.

The tube with the 130 mm screen was fitted to a CRT module

te be ussd in a model of an automatic scanning unit designed o

rreeess bubdble chambeyxy pletures, It included a specially designad

[

deflecting system and focussing coil. A light spot 24 -~ 26 um ie

digmebar within 0.5 of maximum intensity was obiaiped cn the

PNCON e e b VO W e W VAL e WY sl b W WL TN i s Lot

CTOSSOVYer Was 12 KeV ans ke energy  a

1
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tue porecn wag 32 keV, The longitudinal accelerating field wan
up by wneansg of & high-lmpedance registsnce helix mounted on the
inner surface of the bulb with a fixed gradient and leaw for iis

dependernces on the longiitudinsl coordinate.



Aceniding to preliminary esitinates,
0of the deflection on the above saresen did nst

Geometriceal distvortions of this type were v

rnatural distortion of the electrostatic lens

IR/
accelerating nelix 1is barrel—shaped’%

The new tubes are designed so that, despite the prasgence
of high voltages, high-voltage arcing is possible nelther in

the gun nor in the individual components connected to sarth.

The cut-off voltage is 8%ill the same as in conventional

11, CRT with a low-voltage gun producing

a "guasi-laminar” cathode ray.

Reports have appeared recently about the development cf

cathode~ray tubes with a new type of gun which produces a cathode
/657,8/

a version of this type of gun is shown in PFig. 3. A set of fliat

ray with quasi-laminar properties The schematic layout of
plates is placed alongside and strictly parallel to the flat
top of the cathode. The dimtances between the plates and the
cathode, the diameter of the apertures, the thickness of the

plates and the potentials on them were all selected sc that
electrons emitted <from the surface of the cathode would produce
a flux without forming a crossover. The last pdate, in front
of which the electron flux is strongly collinmated, faces
the screen. The configuration of the field must be designed 1o
reduce the tangential components of the electron's velocity so that

a virtually parallel beam is produced.

.o AR P P Ly
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witn a counducting coaling or else an accelerabing resisbance hslin
may be placed in bthe section in front of the screen. The maeximunm
gun potential does not exceed 0.5 - 2 kV. Up to 15-~30 kV may ve
passed to the high~voltage end of the accelerating helix (screen

potential).



The thickness of the plates i85 also an e iz
oF she wew pun.  Ths Tirst accelaraiing  plate in o very thin e
Front of the surface of the ssthode, the
both as an accelerator and asg a screening
giameter c¢f its aperture is one nzlf of its
thiciness; the field in the next electirode, which is subjected ic

a higher potentisl, does not penstrate the cathode region. The

heam current 1ls modulated by varying the potential on the second

seresning plate The beam is collimated guite noticeably and
the besan current at the aperiure of the last - plaie {0.01 inan;

may reach 50 - 100 /qu The beam's angle of divergence decreases
as the current increases. The reasons for this phenomencrn have

g%ill not been sufficiently investigateda

The advantage of the new gun is that it operates at
potentials considerably below the level at which internal arcing
and cold emission from the electrodes normally occur. The maximum
load on the cathode is lower than in conventional tubes so0 that
its life-time must be increased. At the above beam current valuec,
the screen's fluorescent coating is excited to a high intensity sn:
the light spot is correspondingly bright. Tpe distribution of
brightneés in a spot of 25 /um in diameter is almost uniform and not:
Gaussian as in conventional tubes. This is due to the quasi-
laminar property of the cathode ray which produces a unifomm
ele ¢tron density distribution across the ray's cross-section in
the sereen plane. The shape of the spot on the screen is an
accurate image of the gun's aperture, so that a spot of any shape
may be produced. The size of the spot remains constant despite

the considerable range of variation of the voltage on the control

cathede,

Vlew S LT Ve adibls ROon U b BiiG GmW glad Liu Lial svestia
apervuses will perailel optical sxes; are placed side by 8iue .
the plates 4 several identical light spots may be formed. £
series of interesting new algorithms may thus he applied to the
operation of automatic CRT scanning units and other similar

systems.
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Fige L.

Layout of a CRT unit with a triode (tetro.e) gun

left-hand diagram.

Layout of a CRT unit with a triode (tetrode) gun and "high-voltage

ﬂompre351on" of the electron besm

Fey:

right-hand diagram.,

s) General layout of a CRT unit with the magnetic control

oo
N N

[+ %

elements:

¢ - position of the crossover (second crossover for tetrode guus

DY and DY, - deflection yokes,

FC -~ coil"of the main focussing lens, also containing the stati:
astigmatism correction and the dynamic focus-correction «

FC, «~ coil of the main focussing lens with a static astiematisrs
corres tion LQLA.,
CLA -~ nall providing dynasmlice correction for astigmatism

(dlquadfupole lens),
ﬁC - 2011l for correciing geometrical distortions \ootupole lens )t
efiection coil;
Elaatr@n-optical focussing system;
¥ - magnification factor
Electron-coptical focussing system for the compressed electron rez:.
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Fig. 2. Ellipses on the phase plane
illustrating the Helmholtz
equation.
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Layout of a CRT terminal with a
quasilaminar beam:

EG - electron gun;
DY -~ deflection yoke;

DC - coil for correcting distortion.



